Enteric bacterial resistance to antibiotics and the emergence of resistant pathogens in the environment is a global threat to public health. In Kenya, sewage treatment plants are not designed to eliminate enteric microbes, whereas domestic, medical and other hazardous wastes are all discarded in common solid-waste dump sites. Arising from these practices, waste treatment sites in developing countries may be important selection sites for antimicrobial resistant microbes. This study, present information on the levels and patterns of antimicrobial resistance among members of the Enterobacteriaceae family, in dump sites and sewage treatment plants in Kakamega town, Kenya. We employed Standard Microbiological Methods to recover microbes and identify enteric bacteria. Disc diffusion was used in performing the susceptibility profiling of the enteric bacteria identified. Members of Enterobacter, Citrobacter, Klebsiella, Escherichia, Serratia, Shigella and Proteus were recovered at varied rates, with Enterobacter recording the highest occurrence at 37.14% in dumpsites, where E.coli recorded the highest occurence at 36.11 and 38.71% in wastewater and sludge, respectively. Serratia, Shigella and Proteus species were the least recovery (n < 2). Amoxicillin recorded the highest level of resistance at 72%, Cephalexin at 54%, while Amikacin showed the smallest level of antibiotic resistance at 2%. The highest multi-drug resistance was 9 out of 10 different antibiotics tested. All antibiotics tested except for Sxt-Amc and Cip-C showed positive correlations (p<0.05) with bacteria resistant to amoxicillin, being more resistant to other antibiotic with a percentage relative resistance frequencies ranging from 64 to 100%. Finding show high levels of multiple antibiotic resistance commonly used as antibiotics. The study further depicts waste treatment sites in tropics, as important sites for recruitment of antibiotic resistance traits.
INTRODUCTION
Enteric bacterial resistance to antibiotics and the emergence of resistant pathogens in the environment is a threat to public health and of great global concern. The resistance develops when bacteria are not affected by antibiotics that previously inhibited or destroyed them and cured infection. The emergence and persistence of antimicrobial resistance is driven by varied factors including the indiscriminate use of antibiotics and variable drug efficacy, which presents a major threat to the control of infectious diseases (Omulo et al., 2015) . Infections caused by resistant bacteria result in illnesses, lasting for longer periods as well as higher mortality rates. Antibiotic resistances in bacteria have increased risk of spreading infection in patients which incur higher costs as, seek alternative antibiotic treatment. The rapid emergence of antimicrobial resistance by microbial pathogens, threatens to reverse the public health gains made since widespread use of antibiotics was adopted (Saga and Yamaguchi, 2009 ).
The emergence of antibiotic resistant pathogens and especially the enteric type in the environment, is a threat to public health and of great global concern (Kümmerer, 2009a) . In developing countries, information on antibiotic resistance in the environment is least understood. The emergence and persistence of antimicrobial resistance is driven by varied factors such as the indiscriminate use of antibiotics (Omulo et al., 2015) , the overuse and misuse of these antibiotics exposures microbes to antimicrobial compounds in their environment, leading to the emergence of antibiotic resistant strains (Houndt and Ochman, 2000) . This phenomenon therefore presents a major threat to the control of infectious diseases, as this may lead to an increased number of treatment failures, morbidity and mortality of infectious diseases.
In Kenya, several studies have reported incidences of resistance to antimicrobials in clinical cases (Muhonja, 2012; Sang et al., 2012; Juma et al., 2015; County et al., 2016) . Kakamega County, the second most populous in Kenya (KNBS, 2010) has reported high incidences of multidrug resistant diarrhoea, causing microbes that have been implicated in a number of the outbreaks (DREF Annual Report, 2009; Muhonja et al., 2012) . However, there is little or no information on the prevalence and antibiotic resistance patterns, displayed by these enteric bacteria in the environment at waste deposit sites in Kenya. Sewage treatment, a process aimed at removing contaminants from wastewater includes physical, chemical, and biological processes which result in production of environmentally safer treated wastewater or treated effluent.
In the developed world, several studies have reported the presence of antibiotics in wastewater (Ferreira et al., 2007; Kümmerer, 2009b; Martinez, 2009a) and the commonly used three-step treatment process of wastewater treatment plants is, insufficient to remove all the pharmaceutical residues (Al-Bahry et al., 2014) . This therefore, makes waste treatment sites environmental hotspots, for the development and spread of antibiotic resistance (Boyle, 2013) . Antibiotic resistance in such environments has previously been reported to develop, through direct transmission of already resistant strains and/or via environmental matrices such as manure in soils of the farm and exposure of microorganisms to low concentrations of antibiotics which eventually selects for resistance (Achudume and Olawale, 2007; Ikpeme et al., 2011; Boyle, 2013) . The availability of variety of pharmaceuticals in waste treatment sites has been shown to create selection pressure on microbes and generation of resistant strains (Mwaikono et al., 2015) therefore, if waste treatment sites are poorly managed they may pose a great danger to human health (Mwaikono et al., 2015; Karak et al., 2012) .
Nonetheless, the continued lack of knowledge on the pathogenic microbes especially the enteric type occurring in waste treatment sites in developing countries deprives communities living around these sites or eking a living from these sites an understanding of occupational health risks that may be associated with the sites. Furthermore the limited information on characteristics of waste treatment site microbes delinks clinical management of enteric infections from the effects and outcomes on the environment, in developing countries. This is because, solid wastes present in landfills and waste water treatment sites have been found to contain pharmaceutical residues emerging from domestic and biomedical wastes, favouring bacterial changes resulting from complex interaction of diverse microbes in the waste treatment sites (Ferreira et al., 2007; Adekanle et al., 2014; Mwaikono et al., 2015) . Therefore, an understanding of antibiotic resistance patterns occurring in the environment presents a good representation of emerging antibiotic resistance patterns, which may occur in the environment but may have not been reported in clinical situations.
The objective of this study therefore was to establish members of the Enterobacterieceae family, occurring in waste treatment sites namely dumpsites and wastewater treatment plants in Kakamega town; and further understanding the antibiotic susceptibility levels of these microbes against ten commonly used antibiotics representing the various groups of antibiotics; Tetracycline (tetracyclines), Amoxicillin (penicillins), Cephalexin and ceftriaxone (cephalosporins), Coamoxiclav (beta-lactamase inhibitors), Amikacin and Gentamicin (Aminoglycosides), Chloramphecol (phenicols), Ciprofloxacin (Fluoroquinolons), and Sulphamethoxazole-Trimethoprin (Sulphonamides) used to treat diarrheal and respiratory infections locally (Christabel et al., 2012; Omulo et al., 2015) .
MATERIALS AND METHODS

Study area and study design
This study was conducted in Kakamega town, in Western Kenya. treatment plants and water samples recovered from wastewater treatment plants were collected from three dumpsites and three waste waters namely Rosterman dumpsite, Nabongo dumpsite, Masinde Muliro University and Technology (MMUST) dumpsite, Amalemba wastewater, Nabongo waste water and MMUST wastewater as shown in Figure 1 .
The study was based on a repeat cross-sectional study design. The samples were collected from April to October, 2015. 
Geographical Information System (GIS), mapping coordinates
Sample collection and processing
A total of 60 samples (24 soils recovered from dumpsites, 12 sludge recovered from wastewater and 24 wastewater recovered from wastewater treatment plants) were collected during the study period. Sampling at the dumpsites adopted the random multistage sampling. Soil samples were collected aseptically using a sterilized spoon at each point while wastewater was collected aseptically using a 
Isolation of enteric bacteria
Soils recovered from dumpsites and sludge recovered from wastewater was processed as described by van and Smalla (1997) . This was done by transferring 2 spoonfuls of soil and sludge into a pre-sterilized Whirl Pak bag, 100 ml of sterile phosphate-buffered water was added and mixed for 2 min. The mixture was then filtered through a pre-sterilized 28 micron -pore size nylon filter (membrane solutions). The filtrate was then used in subsequent experiments.
To recover Shigella ssp and Salmonella ssp, 10 ml of sample (filtrate recovered from dump site soil or sludge; or wastewater) were enriched in 90 ml of selenite cystene (Himedia Lab. Pvt. Mumbai, India) and incubated at 37°C overnight. A loop full of the suspension was plated onto xylose lysine desoxycholate (XLD) (Himedia Lab. Pvt. Mumbai, India) and MacConkey agar (Himedia Lab. Pvt. Mumbai, India) plates and incubated at 37°C for 24 to 48 h. Three characteristic Salmonella and Shigella presumptive colonies were selected and preserved by plate on nutrient Agar (Himedia Lab. Pvt. Mumbai, India) subjected to further tests for identification.
Other enteric bacteria were recovered by direct plating on MacConkey agar (Himedia Lab. Pvt. Mumbai, India) and incubated at 37°C for 18 h. From each plate, 4 distinct colonies (2 non-lactose and 2 lactose fermenters) were picked and plated on nutrient agar (Himedia Lab. Pvt. Mumbai, India) for further identification, based on biochemical tests namely triple sugar iron (TSI) and Citrate utilization and Lysine decarboxylation and deamination, motility and indole tests, the bacteria were classified as described by Cheesbrough (2000). Confirmed isolates were then stored at -80°C in tryptic soy broth with 15% glycerol until used in other experiments.
Antimicrobial response tests (AST)
Susceptibility tests with ten antibiotics were performed using the standard Kirby-Bauer disk diffusion method on Muller Hinton media (HIMedia Lab. Pvt. Mumbai, India). The antimicrobials tested were; amoxicillin (30 µg), co-amoxiclav (30 µg), tetracycline (30 µg), sulphamethoxazole-trimethoprin (25 µg), chloromphenicol (50 µg), gentamicin (10 µg), ciprofloxacin (30 µg), cephalexin (30 µg), ceftriaxone (µg) and amikacin (30 µg) (all HIMedia Lab. Pvt. Mumbai, India).
Inoculated plates were incubated at 37°C for 18 to 20 h. Measurement of diameters (in millimetres) of clear zones growth inhibition, adopted the Clinical and Laboratory Standards Institute (CLSI) 2008) procedural method. A standard reference strain of E. coli (ATCC 25922) was used as a control. The breakpoints used to categorize isolates as resistant to each antimicrobial agent were those recommended by CLSI (2008).
Data analysis
Data were entered in Ms Excel Windows XP professional 2003 and analyzed by Minitab 13.1 Windows 95. Antimicrobial susceptibility test were recorded as diameters of the zone of inhibition (mm).
Bacterial recovery and antibiotic resistance were expressed in frequencies and percentages, while Kruskal-Wallis test was used to determine differences in zones of inhibition among bacterial species and sampling sites but t-tests and Pearsons' Correlation Analysis was used to determine relationships among the different antibiotics, displaying multiple resistances in the study.
RESULTS AND DISCUSSION
The study set out to establish members of the Enterobacterieceae family occurring in waste treatment sites in Kakamega town. Out of 102 isolates of Enterobacteriaceae recovered from dumpsite soils, wastewaters and sludge, only 7 genera namely Enterobacter, Citrobacter, Escherichia, Klebsiella, Proteus, Serratia and Shigella (Table 1) were recovered during the study period compared to 20 genera as described by Ewing (1986) . The frequency and rates of recovery of the members of Enterobacteriaceae family in this study varied from one source to the other.
The distribution of enteric bacteria among the different sources investigated could been influenced by two sets of environmental factors, namely factors influencing the survival of bacteria in the external environment and the continuous re-introduction of new bacterial cells in to these environments. The natural life cycle of the enteric bacteria consists of transitions between two distinct habitats (Savageau, 2016), the animal hosts representing the primary habitat, and the environment exterior to the host such as soil, sediment and water representing the secondary habitat. However studies have shown that Nonetheless, the constant arrival of microorganisms from the primary habitat may continuously influences bacterial occurrence and survival in the secondary habitat, and therefore the coliforms reported in this study may have been sustained by the delivery of new coliforms from primary sources such as domestic waste from homes, animals and wildlife (Savageau, 2016) . The recovery of members of genera Escherichia, Enterobacter, Klebsiella, Citrobacter, Proteus, Shigella and Serratia directly points to these sites as high risk (Karak et al., 2012) , and therefore sites investigated in this study may pose a public health risk if not put under appropriate management. The presence of these microbes in dumpsites has previously been shown to demonstrate the accumulation of unsorted garbage (Karak et al., 2012) . According to Mwaikono et al. (2015) such dumpsites have shown to possess a variety of wastes ranging from domestic, biomedical and industrial wastes, a fact which was also observed at the dumpsite investigated in this study.
In this study, antibiotic resistance levels of up to 100% and 9 different antibiotics against the 10 tested is reported as shown in Tables 2, 3, and 4. The emergence, selection, and dissemination of resistant organisms have been reported to occur in areas where antibiotics have been heavily used such as human, veterinary and agriculture (Woolhouse et al., 2015; Martinez, 2009a) . Such practices eventually cause large amounts of antibiotics to be released into municipal wastewater probably due to incomplete metabolism in human or due to disposal of unused antibiotics (Bouki et al., 2013; Birosova et al., 2015) . Bacteria have shown the capability Cn-Amx-Ctr-Sxt 1.12 Amc-Cn-Amx-Ctr 1.12 Amc-Cn-Ak-Amx 1.12 Amc-Ctr-Gen-Sxt 1.12 --Amc-Cn-Ctr-Amx-C 1.12 Amx-Cn-Ctr-Amx-Cip 5.62 Amc-Cn-Ctr-Amx-Sxt 1.12 Amx-Cn-Amx-Sxt-Ctr 1.12 Te-Cn-Ctr-Amx-Cip 1.12 --Amc-Cn-Ctr-Amx-Gen-C-Sxt 1.12 Te-Amc-Cn-Ctr-Amx-C-Cip-Sxt 3.37 Te-Amc-Cn-Ctr-Ak-Amx-Gen-C-Sxt 1.12 Te-Amc-Cn-Ctr-Amx-Gen-C-Cip-Sxt 1.12
Key: Te, tetracycline; Amc, co-amoxiclav; Cn, Cephalexin; Ctr, ceftriaxone; Ak, Amikacin; Amx, Amoxicillin; Gen, Gentamicin; C, Chloramphenical; Cip, Ciprofloxacin; SXT, Sulphamethoxazole-trimethoprin.
of attaching themselves onto surfaces in the wastewater thereby forming biofilms, which enables the bacteria to withstand environmental stresses (Birosoval et al., 2015) . Biofilms are characterized by high bacterial density and diversity, which provide suitable conditions for horizontal gene transfer and genetic exchange of resistant traits. In this study isolates recovered from sludge and dumpsite soils recorded the highest numbers of antibiograms, indicating that they present the best selection sites for antibiotic resistance. Reinthaler et al. (2003) has shown that biofilm formation increases the rate of genetic exchange for antibiotic resistance traits in matrixes such as sludge. Microbes have also been shown to acquire antimicrobial resistance as one of the mechanisms which help them survive in hostile environments (Anatoly et al., 2016) .
In this study, a total number of 38 antibiograms was recorded as shown in Table 5 , with cephalexin being the most frequent at over 11%, followed by amoxicillin at over 10%. The most common multiple resistance was the combination of co-amoxiclav and amoxicillin and cephalexin and amoxicillin both recorded 6.7% levels. The highest number of antibiotics resisted by one bacterium was 9 with two types of antibiograms Te-Amc-Cn-Ctr-Ak-Amx-Gen-C-Sxt and Te-Amc-Cn-Ctr-Amx-Gen-C-Cip-Sxt. The relative frequencies of antibiotic resistance (Table 6 ) for individual antibiotics shows that amoxicillin, cephalexin and sulphamethoxazoletrimethoprin appear to be more associated with cross resistances to other antibiotics. This could be as a result of the antibiotic resistance developed against these three drugs being associated with identical mechanisms of transmission such as common integrons, cassettes and transposons (Kümmerer, 2009b; Suzuki et al., 2014) . Alternatively the resistance mechanism may be as a result of sharing a common target site as for the cases of amoxicillin, cephalexin, co-amoxiclav and ceftriaxone all which are related with inhibition of cell wall synthesis. Wastewater treatment plants (WWTPs) have been recognized as a reservoir for antibiotic resistant bacteria and antibiotic resistant genes, including plasmids encoding resistance to antibiotics (Allen et al., 2010; Novo and Manaia, 2010; Bouki et al., 2013) .
Generally, WWTPS are rich in nutrients, which enhance the multiplication of microorganisms facilitating gene exchange due to cell to cell contact (Sørensen et al., 2005; Dionisio et al., 2002) , making waste disposal sites important reservoirs of antibiotics resistance genes that can be exchanged by bacteria from different environmental compartments (Dang et al., 2008) . Since majority of the antibiotics showed positive correlation that were significant (p < 0.05) with the exception of Cn/Sxt and Ak/Sxt combinations which showed negative correlation, it indicate that the resistance genes in the waste treatment sites may be closely associated and probably common to mobile genetic elements that are circulating and evolving, calling for more investigations.
Overall, this study supports the hypothesis that natural environment such as waste treatment sites can act as reservoirs for emerging microbial contaminants including antibiotic resistance genes. Since the rate of gene mobilization at 30°C is higher than 37°C, indicating that climatic factors may contribute to elevated concentrations of antibiotic resistance genes in the tropics (Walsh et al., 2011) .
Conclusion
This study demonstrates the occurrence of multidrug resistant enteric microbes in waste treatment sites. It further demonstrates that, in waste treatment sites in Kakamega town amoxicillin, cephalexin and sulphamethoxazole-trimethoprin resistance traits may play a major role in selection of multiple antibiotic resistances in matrixes of high microbial densities and interactions.
Antibiotic resistance amongst waste water enteric bacterial species is a serious threat in Kenya. Continuous and close monitoring of antibiotic resistance among enteric bacteria associated with waste treatment sites, to understand emerging antibiotic resistance patterns at these sites, form an important interphase for microbes originating from humans and the environment. In addition the finding of this study also highlights on the need of proper management strategies of the different types of wastes to enhance decontamination of the wastes.
